*Polygonum viscosum* Buch-Ham. (Polygonaceae), common Bengali name "*Bishkatali*" is an annual odoriferous herb (50-90 cm) indigenous to Nepal and is widely distributed in Bangladesh, north-east India, China and Japan. The genus *Polygonum* is well-known for producing pharmacologically active substances and also for its use in Oriental traditional medicine systems. Ethanol extract of *Polygonum viscosum* is known to have antibacterial properties\[[@ref1]\]. A flavonoid glycoside, quercetin-3-*O*-(6"-feruloyl)-β-D-galactopyranoside from aerial parts of the plant was reported to have antiHIV1, anticholinergic, analgesic and CNS depressant activities and significant cytotoxicity against the ovarian cancer cell line (OVCAR-3). The sesquiterpenes from aerial parts, viscosumic acid and viscozulenic acid for antiinflammatory, analgesic and CNS depressant activities, viscoazucine for analgesic and CNS depressant activities, viscoazulone for antiinflammatory, antiHIV1 and CNS depressant activities and viscozulenic acid methyl ester, viscoazucinic acid and polygosumic acid for antibacterial acitivity against penicillin-resistant *Escherichia coli* and methicillin-resistant *Staphylococcus aureus* were reported \[[@ref2][@ref3]\].

The sequiterpenes, viscoazusone, viscoazulone, viscozulenic acid, viscozulenic acid methyl ester, viscoazucine, viscoazucinic acid, viscosumic acid and polygosumic acid and flavonoids, 3',5-dihydroxy-3,4',5',7-tetramethoxyflavone, 3',5'7-trihydoxy-3,4',5'-trimethoxyflavone, quercetin-3-*O*-(6"-caffeoyl)-β-D-galactopyranoside, quercetin-3-*O*-(6"-feruloyl)-β-D-galactopyranoside and quercetin-3-*O*-(6"-galloyl)-β-D-galactopyranoside were reported so far from the species *P. viscosum*\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6]\]. As a part of the ongoing phytochemical and bioactivity studies on the *Polygonum* genus, the authors have reinvestigated its roots for its bioactive phytoconstituents.

Silica gel (Merck, Mumbai, India) 100-200 mesh for column chromatography and silica gel (SDFCL, Mumbai. India) 350 mesh for preparative TLC were used. Successive gradient elution was accomplished by the solvents, n-hexane, chloroform and methanol (Merck, Mumbai, India). Melting points were recorded on Cipla I-28 digital apparatus (Cipla, Mumbai, India). ^1^H NMR using DMSO-*d~6~* (2, 3, 4, 5, 6) and ^13^C NMR using CDCl~3~ (1) were run on Bruker 400 MHz spectrometer (Bruker, Ettlingen, Germany). All the mass spectra were taken accurately under API-ES conditions using Agilent 1100 series LC/MS (Agilent 1100 series, Agilent Technologies Deutschland GmbH, Waldbronn, Germany).

The plant material *Polygonum viscosum* was collected from forest *Pilak*, India. Authentication of the plant specimen (SD001) was done at the Botanical Survey of India, Deccan Regional Centre, Hyderabad. A voucher specimen (SD001) was deposited at the Herbarium of the University College of Pharmaceutical Sciences, Andhra University, Visakhapatnam, India.

One kilogram of the dried root powder was extracted with CHCl~3~ (3×1.5 l) for 24 h at room temperature. TLC examination of the residue showed numbers of prominent spots (MeOH-CHCl~3~, 1:99). The pooled extract was concentrated under reduced pressure and yielded 14 g brown residue. The extract (12 g) was chromatographed over silica gel following gradient elution (each 200 ml fraction) technique successively using n-hexane, CHCl~3~ and MeOH. Fractions 43-51 (CHCl~3~ -hexane, 25:75) obtained white amorphous powder which on repeated crystallisation from hexane afforded white needles of stigmasterol, mp 163-165°, identical with an authentic sample\[[@ref7]\]. Fractions 124-127 (MeOH-CHCl~3~, 5:95) yielded dark yellow solids which on repeated crystallisation from a mixture of MeOH-CHCl~3~, 19:1 obtained 0.02 g of yellow crystals of 7,4'-dimethylquercetin, mp 238-240°, identical with an authentic sample\[[@ref8]\]. Fractions 128-131 (MeOH-CHCl~3~, 5:95) yielded yellow solid which on repeated crystallisation from MeOH obtained 0.02 g yellow crystals of kaempferol, mp 275-277°, identical with an authentic sample\[[@ref9]\]. Fractions 132-135 (MeOH-CHCl~3~, 10:90) yielded yellow amorphous mass which on recrystallisation from MeOH, afforded 0.02 g yellow needles of quercetin, mp 318-320°, identical with an authentic sample\[[@ref9]\]. Fractions 139-142 (MeOH-CHCl~3~, 15:85) yielded another dark yellow solid which on repeated crystallisation from MeOH afforded 0.03 g yellow needles of myricetin, mp 357-359°, identical with an authentic sample\[[@ref10]\]. Fractions 143-148 (MeOH-CHCl~3~, 20:80) yielded clump of yellow mass which on subsequent recrystallisation from MeOH, obtained 0.02 g pale yellow crystals of scutellarein, mp 327-329°, identical to an authentic sample\[[@ref11]\].

Stigmasterol (1), mp 163-165°; molecular mass 412.3 requires positive API-ES, m/z (rel. int.): 413.3 \[M+H\]^+^ (15) (calcd. for C~29~H~49~O 413.37). Liebermann-Burchard\'s test: A play of colours (pink to blue to green). The ^13^C NMR spectral data are summarized in [Table 1](#T1){ref-type="table"}. 7,4'-dimethylquercetin (2), mp 238-240°, molecular mass 330.07 requires positive API-ES, m/z (rel. int.): 331.1 \[M+H\]^+^ (100) (calcd. for C~17~H~15~O~7~ 331.08) and 353.1 \[M+Na\]^+^ (20) (calcd. for C~17~H~14~O~7~Na 353.06). UV![](IJPhS-77-352-g001.jpg)nm: 250, 262 and 375; MeOH/AlCl~3~ 264 and 432. The ^1^H NMR spectral data are represented in [Table 1](#T1){ref-type="table"}.
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Kaempferol (3), mp 275-277°, molecular mass 286.04 requires positive API-ES, m/z (rel. int.): 287.2 \[M+H\]^+^ (100) (calcd. for C~15~H~11~O~6~ 287.05) and 309.2 \[M+Na\]^+^ (20) (calcd. for C~15~H~10~O~6~Na 309.03). Lead acetate test: Yellow precipitate, ferric chloride test: Olive green and Shinoda test: Magenta colour. UV![](IJPhS-77-352-g001.jpg)nm: 253 (sh), 265, 294 (sh), 322 (sh), 365; MeOH/AlCl~3~: 275, 420. The ^1^H NMR spectral data are shown in [Table 1](#T1){ref-type="table"}. The compound (20 mg) was treated with acetic anhydride (1 ml) and sodium acetate (100 mg) at 140° and refluxed for 4 h. On usual workup and recrystallisation from alcohol afforded crystalline needles (10 mg) of kaempferol tetraacetate, mp 186-188°, molecular mass 454.09 for the tetraacetate derivative requires positive API-ES, m/z (rel. int.): 455.2 \[M+H\]^+^ (100) (calcd. for C~23~H~19~O~10~ 455.09). Similarly, the compound (20 mg) was treated with repeated quantities of diazomethane in ether, until it showed a negative ferric reaction. It was concentrated under reduced pressure, cooled and recrystallised from MeOH as yellow crystals (8 mg) of kaempferol tetramethyl ether, mp 163-164°, molecular mass 342.11 for the tetramethyl derivative requires positive API-ES, m/z (rel. int.): 343.2 \[M+H\]^+^ (100) (calcd. for C~19~H~19~O~6~ 343.11).

Quercetin (4), mp 318-320°, molecular mass 302.04 requires positive API-ES, m/z (rel. int.): 303.3 \[M+H\]^+^ (100) (calcd. for C~15~H~11~O~7~ 303.04). Ferric chloride test: Dense green and Shinoda test: Magenta colour. UV![](IJPhS-77-352-g001.jpg) (nm): 257, 267 (sh), 301 (sh) and 370; EtOH/AlCl~3~ 265, 301 (sh), 359 and 425. The ^1^H NMR spectral data are displayed in [Table 1](#T1){ref-type="table"}. Myricetin (5), mp 357-359°, molecular mass 318.03 requires positive API-ES, m/z (rel. int.): 319.2 \[M+H\]^+^ (100) (calcd. for C~15~H~11~O~8~ 319.04). Ferric chloride test: Olive green and Shinoda test: Magenta colour. UV![](IJPhS-77-352-g001.jpg)(nm): 293, 374; MeOH/AlCl~3~ 310, 369, 452. The ^1^H NMR spectral data are given in [Table 1](#T1){ref-type="table"}. Scutellarein (6), mp 327-329°, molecular 286.04 requires positive API-ES, m/z (rel. int.): 287.2 \[M+H\]^+^ (100) (calcd. for C~15~H~11~O~6~ 287.05). Ferric chloride test: Deep green colour. UV![](IJPhS-77-352-g001.jpg) (nm): 280, 335. The ^1^H NMR spectral data are specified in [Table 1](#T1){ref-type="table"}.

The first compound (1), mp 163-165°, was analysed for its molecular formula C~29~H~48~O based on LC/MS data (Positive API-ES: \[M+H\]^+^ 413.3, calcd. 413.37). It gave a positive Liebermann-Burchard\'s test for sterols. NMR spectral data also supported the structural assignment. The ^13^C NMR spectrum displayed two signals, shielded highly by the surrounding methyl, methylene and methine groups at δ 11.87 (C-29) and 11.98 (C-18). The signals at δ 18.80 (C-26) and 19.40 (C-27) indicated the methyl groups of the isopropyl moiety. The chemical shifts at δ 21.12 and 23.13 represented the methyl carbons at 19- and 21-positions. Four olefinic carbons of the compound showed peaks at δ 140.81 (C-5), 121.71 (C-6), 138.27 (C-22) and 129.34 (C-23). The spectrum also displayed a characteristic signal at δ 71.84 signifying the attachment of the hydroxyl group at 3-position. All the spectral characteristics of the compound were in close agreement with those of stigmasterol. Identity of the compound was further confirmed by comparison with an authentic sample through mean melting point (mmp) and co-TLC.

The second compound (2), mp 238-240°, was analysed for its molecular formula C~17~H~14~O~7~ (Positive API-ES: \[M+H\]^+^ 331.1, calcd. 331.08 and \[M+Na\]^+^ 353.1, calcd. 353.06). NMR spectral data also supported the structural assignment. It is a flavonol containing 1',3',4'-trisubstituted phenyl nucleus and chelated hydroxyl group (highly deshielded sharp singlet at δ 12.51) as observed in the ^1^H NMR spectrum. The presence of chelated hydroxyl groups at 3- and 5-positions was revealed by a bathochromic shift of 57 nm in the UV spectrum with MeOH/AlCl~3~ \[[@ref12]\]. The spectral characteristics of the compound were in close agreement with those of 7,4'-dimethylquercetin. Further identity was confirmed by comparison with an authentic sample through mmp and co-TLC.

The third compound (3), mp 275-277°, was analysed for its molecular formula C~15~H~10~O~6~ (Positive API-ES: \[M+H\]^+^ 287.2, calcd. 287.05 and \[M+Na\]^+^ 309.2, calcd. 309.03). The compound showed a positive lead acetate, ferric chloride and Shinoda test for flavonoids. The presence of chelated hydroxyl groups was revealed at 5- position by a highly dishielded sharp singlet at δ 12.48 and 3-position by a deshielded broad singlet at δ 9.42 in the ^1^H NMR spectrum and further supported by the large bathochromic shift of 55 nm in the UV spectrum with MeOH/AlCl~3~ \[[@ref12]\]. The ^1^H NMR spectrum also disclosed the presence of *p*-disubstituted phenyl moiety by its signals of four aromatic protons at δ 8.04 and 6.93 and *m*-disubstituted pheny moiety by signals of two aromatic protons at δ 6.44 and 6.18 constituting two A~2~ B~2~ systems. A broad singlet at δ 10.82 indicated the hydroxyl group at 7-position. A tetracetate derivative of the compound showed m.p. 186-188° and was analysed for the formula C~23~H~18~O~10~ (Positive API-ES: \[M+H\]^+^ 455.2, calcd. 455.09). A tetramethyl ether derivative of the compound showed m.p. 163-165° and was analysed for the formula C~19~H~18~O~6~ (Positive API-ES: \[M+H\]^+^ 343.2, calcd. 343.11). The properties of the compound and its derivatives closely approached to those of kaempferol and its corresponding tetraacetate and tetramethyl ether derivatives. Further identity was confirmed by comparison with an authentic sample through mmp and co-TLC.

The fourth compound (4), mp 318-320°, was analysed for the molecular formula C~15~H~10~O~7~ (Positive API-ES: \[M+H\]^+^ 303.3, calcd. 303.04). The compound exhibited positive ferric chloride and Shinoda test for flavonoids. It is a flavonol containing 1',3',4'-trisubstituted phenyl nucleus and chelated hydroxyl group (highly deshielded sharp singlet at δ 12.52) as evidenced in the ^1^H NMR spectrum. The presence of chelated hydroxyl groups at 3- and 5-positions was also revealed by a bathochromic shift of 58 nm in the UV spectrum with EtOH/AlCl~3~ \[[@ref12]\]. Chemical evidence and spectral analysis of the compound closely approached to those of quercetin. Further identity of the compound was confirmed by mmp and co-TLC with an authentic sample.

The fifth compound (5), mp 357-359°, was analysed for its molecular formula C~15~H~10~O~8~ (Positive API-ES: \[M+H\]^+^ 319.2, calcd. 319.04). The compound showed positive ferric chloride and Shinoda test for flavonoids. The ^1^H NMR spectrum disclosed the presence of 1",3',4',5'-tetrasubstituted phenyl nucleus by the signal (a singlet constituting A~2~ system) of two aromatic protons at δ 7.29 and chelated hydroxyl group by the highly deshielded sharp singlet at δ 12.61. A large bathochromic shift of 78 nm in the UV spectrum with MeOH/AlCl~3~ supported the presence of additional hydroxyl groups at 3'-,4'- and 5'-positions apart from those at 3- and 5-positions\[[@ref12]\]. Chemical evidence and spectral characteristics of the compound closely agreed with those of myricetin. Further identity was confirmed by comparison with an authentic sample through mmp and co-TLC.

The sixth compound (6), mp 327-329° was analysed for the formula C~15~H~10~O~6~ (Positive API-ES: \[M+H\]^+^ 287.2, calcd. 287.05). The compound showed a positive ferric chloride test for flavonoids. It is a flavone with chelatyed hydroxyl group and was shown by absorption maxima at 280 and 335 nm in the UV spectrum and sharp singlet at δ 13.00 (chelated hydroxyl group) and 6.73 (characteristic H-3) in the ^1^H NMR spectrum. The ^1^H NMR spectrum also disclosed the presence of *p*-disubstituted phenyl moiety by its signals of four aromatic protons constituting A~2~B~2~ system. Chemical evidence and spectral analysis of the compound closely approached to those of scutellarein. Further identity was confirmed by comparison with an authentic sample through mmp and co-TLC.

Separation by conventional gradient chromatographic elution of the chloroform extract of *Polygonum viscosum* root afforded six compounds namely stigmasterol (1), 7,4'-dimethylquercetin (2), kaempferol (3), quercetin (4), myricetin (5) and scutellarein (6), the structures of which are shown in [fig. 1](#F1){ref-type="fig"}. All the six compounds were identified by chemical and spectral analysis. A variety of bioactive compounds were recorded from *Polygonum* genus ranging from flavonoids, sesquiterpenes, anthraquinones, stilbene glycosides, terpenoids, coumarins to esters. Among the six compounds isolated and characterized in the present phytochemical evaluation, stigmasterol (1) was not reported earlier from *P. viscosum*. The compounds, 7,4'-dimethylquercetin (2)\[[@ref8]\], quercetin (4) and scutellarein (6)\[[@ref11]\] were reported from *P. hydropiper*. Kaempferol (3) from *P. amphibium*, *P. aviculare*, *P. convolvulus*, *P. hydropiper*, *P. lapathifolium* and *P. persicaria* and myricetin (5) from *P. aviculare* and *P. lapathifolium* were also reported earlier\[[@ref13]\]. This is the occurrence of the six compounds for the first time from *P. viscosum*.

![Chemical structures of the compounds isolated from *P. viscosum*.\
Chemical structures of the compounds isolated from *P. viscosum*. 1. stigmasterol, 2. 7,4'-dimethylquercetin, 3. Kaempferol, 4. Quercetin, 5. Myricetin and 6. scutellarein.](IJPhS-77-352-g003){#F1}
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